The analysis of the excited bottom and bottom strange states B 1 (5721), 
Introduction
In recent decades, theoretical and experimental physicists have made a progress in studying the heavy-light meson spectrum with the observation of a large number of charmed and bottom mesons.
Especially, the charmed meson spectrum has been mapped out with high precision with the observation of many new charmed states such as D [12] [13] [14] and assigned its J P to be 1 + and 2 + , respectively. The masses and the widths of these newly observed bottom and bottom strange mesons are listed in Table I . For these mesons, an important work is to identify its quantum numbers and assign a place in the bottom meson spectrum. We can adopt several approaches to carry out this work such as quark model [15] [16] [17] , Heavy Quark Effective Theory(HQET) [5, 18] , lattice QCD [19] and 3 P 0 model [20] [21] [22] etc. However, the predictions obtaining from different theoretical approaches, even the same theoretical method with different parameters are not completely consistent with each other. [7] 5964 ± 5M eV 62 ± 20 -
BJ (5970) 0 [7] 5971 ± 5M eV [7] 81 ± 12 -
Bs1(5830) [7] 5828.7 ± 0.1 0.5 ± 0.3 1
s2 (5840) [7] 5839.85 ± 0.7 1.40 ± 0.4 2
Since the discoveries of the bottom mesons B 1 (5721) and B * 2 (5747) by the D0 collaboration in 2007 [8] , people studied its nature with different models and identified these two mesons as the 1 + and 2 + bottom states in PDG [7] . However, it is still need confirmation for the assignments of the B 1 (5721) meson because it is the mixing of the 3 P 1 and 1 P 1 states. For B J (5970) bottom meson, it was mainly explained to be a 2S1 − or 1D3 − state by different theoretical approaches [23] [24] [25] [26] [27] [28] [29] . And its spin parity still remain undetermined in the PDG, which only listed its mass and decay width. Further more, we note that the B J (5840) meson was omitted from the summary tables in the PDG, which indicates that the assignment of this meson needs more theoretical and experimental verifications. As for the B * s2 (5840) and B s1 (5830) bottom-strange mesons, people assigned these two mesons as the strange parters of B * 2 (5747) and B 1 (5721) with quantum numbers to be 2 + and 1 + respectively [7, [30] [31] [32] [33] .
In our previous work, we studied the two-body strong decays of the B 1 (5721), B * 2 (5747), B(5970), B s1 (5830) and B s2 (5840) with the heavy meson effective theory in the leading order approximation, and assigned states 2S1 − , 1D1 − and 1D3 − as the candidate of B J (5970) [23] . As a continuation of our previous work, we study the strong decay behaviors of more bottom mesons with the 3 P 0 decay model and give a simple discussion about the quantum numbers of these mesons. The calculated strong decay widths in this work will be confronted with the experimental data in the future and will be helpful in determining the nature of these heavy-light mesons. This article is arranged as follows:
In section 2, we give a brief review of the 3 P 0 decay model; in Sec.3 we study the strong decays of To study the strong decay properties of the mesons, the 3 P 0 decay model is an effective and simple method, which can give a good prediction about the decay behaviors of many hadrons [34] [35] [36] [37] [38] . This model was first introduced by Micu in 1969 [20] and further developed by Le Yaouanc and other collaborations [21, 22] . In Ref. [39] Barnes et al. performed a comprehensive study of light meson strong decays with the 3 P 0 model. Now, this model has been extensively used to describe the strong decays of the heavy mesons in the charmonium [40] [41] [42] [43] and bottommonium systems [44] [45] [46] , the baryons [47] and even the teraquark states [48] .
At first, people considered an alternative phenomenological model to study the strong decays, in which quark-antiquark pairs are produced with 3 S 1 quantum numbers. However, this possibility is disfavoured by measuring ratios of partial wave amplitudes [49] . In 3 P 0 decay model, it is now generally accepted that a quark-antiquark pair(q 3 q 4 ) with 0 ++ quantum numbers(in the 3 P 0 state) is created from the vacuum [20] [21] [22] 34] . For a meson decay process A→BC, the quark-antiquark pair(q 3 q 4 ) regroups into final state mesons(BC) with the q 1 q 2 from the initial meson A. This process is illustrated in FIG.1 and its transition operator in the nonrelativistic limit is written as,
where q † 3 and q † 4 are the creation operators in the momentum-space for the quark-antiquark q 3 q 4 pair. γ is a dimensionless parameter reflecting the creation strength of the quark-antiquark pair. ϕ In the c.m. frame, the amplitude of a decay process A → BC can be written as,
where χ 
where P = P B = − P C , p = p 3 , m 3 is the mass of the created quark q 3 . In Eq.(3), ψ is the simple harmonic oscillator (SHO) function which is use to describe the space part of the meson. In momentum space, it is defined as
where R is the scale parameter of the SHO. With the Jacob-Wick formula, we can convert the helicity amplitude into the partial wave amplitude
where
The decay width in terms of partial wave amplitudes using the relative phase space is
is the three momentum of the daughter mesons in the c.m. frame. M A , M B , and M C are the masses of the mesons A, B, and C, respectively. One can consult references [20] [21] [22] 34] for more details of the decay model.
The results and discussions
The parameters involved in the 3 P 0 model include the light quark pair(qq) creation strength γ, the SHO wave function scale parameter R, and the masses of the mesons and the constituent quarks. First, the masses of the quark are taken as m u = m d = 0.22 GeV, m s = 0.42 GeV and m b = 4.81GeV [7] .
Second, as for the factor γ, it describes the strength of quark-antiquark pair creation from the vacuum and its value needs to be fitted according to experimental data. We take the fitted value γ = 6.25 for u/d quark and γ ss = γ/ √ 3 for s quark [34] . This value is higher than that used by Kokoski and Isgur by a factor of √ 96π due to different field theory conventions, constant factors in T , etc [50] .
The input parameter R has a significant influence on the shape of the radial wave function, which lead to the spatial integral of Eq. with the vaue 2.5GeV −1 is suggested to be optimal. In our previous work, we studied strong decays of some charmed mesons with common value and obtained consistent results with experimental data.
Thus, we still adopt common value as the input of R in this work. Finally, the mass of the meson has also a significant influence on the strong decay of the studied meson. For B * 2 (5747) as an example, if the masses of the daughter mesons are taken to be the standard values in PDG, the decay widths of B * 2 (5747) vary greatly with its mass, which can be seen in FIG.3 . We know that the masses of the bottom mesons, especially the newly observed bottom states, have been updated from time to time. In this work, we take the recently updated values in PDG [7] as the input and list these values in TABLE II. As for the newly observed bottom states which were omitted in PDG, we take the experimental data as the input.
It is noticed that mixing can occur between states with J = L and S = 1 or S = 0. The relation between the heavy quark symmetric states and the non-relativistic states
For the states J = L = 1, the mixture angle is θ = −54.7
For a decay process A → BC, if the initial states A(l P )are the mixture, the partial wave amplitude can be written as
In our calculations, the states B 1 (5721), B s1 (5830) are the 1 + bottom and bottom-strange states and each of them is the mixing of 3 P 1 and 1 P 1 states. In addition, we will study the strong decays of B J (5970) as the 2 − state and it is the mixture of 3 D 2 and 1 D 2 states. Considering the mixture of the initial states, the decay width can be expressed as ) bottom states with total decay widths to be 39.8M eV , 37.9M eV , are roughly compatible with the experimental data 31 ± 6M eV and 27.5 ± 3.4M eV . These results favor B 1 (5721) to be the
After identifying the 1P ′ 1 assignment, the remaining 1P 1 together with 1 3 P 0 state are the spin doublets with j q = 1 2 . The total widths of 1 3 P 0 are predicted to be 231.4M eV , which is broader comparing with those of j q = 3 2 P-wave doublets. This prediction is consistent with that of the heavy quark limit(HQL). 
1D2
Mass 5862. Certainly, the conclusion about the assignments depend strongly on the accurate measurement of the decay mode Bπ of B J (5840) and B J (5970).
The bottom strange mesons B s1 (5830) and B * s2 (5840) are identified as the 1 + and 2 + assignments in PDG, but it is noted that the J P need confirmation [7] . In order to give a further confirmation, we study the strong decay behaviors of B * s2 (5840) as the 1 3 P 2 assignment and B s1 (5830) as the 1P ′ 1 , 1P 1 assignments. The predicted total decay width of B * s2 (5840) is 1.35M eV and it is consistent well with the experimental data 1.40 ± 0.4. In addition, the predicted partial decay ratio
This value is roughly compatible with the experimental data 0.093 ± 0.018, which supports 1 3 P 2 to be the assignment of B * s2 (5840). As a 1 + state, B s1 (5830) meson is the mixture between 1 3 P 1 and 
Conclusion
In summary, we study the two-body strong decays of the excited bottom and bottom strange states is crucial to identifying the optimal assignments for these states.
